Transcriptional regulation of urokinase (uPA) gene expression in breast cancer cells: role of DNA methylation.
Carcinoma of the breast is a leading hormone-dependent malignancy, resulting in a high rate of morbidity and mortality. During the complex multi-step process of tumor promotion, this common cancer is initiated as hormone-responsive (HR), non-metastatic cancer, followed by a gradual transition into a highly metastatic hormone-insensitive (HI) variety which lacks the functional estrogen receptor. This transition of cancer cells causes them to become refractory to hormonal treatment. Urokinase (uPA), a member of the serine protease family has been implicated in the progression of several malignancies including breast cancer. In the current study, we have examined the correlation between hormone sensitivity and uPA expression in HR normal mammary epithelial cells (HMEC) and in MCF-7 and T-47D breast cancer cell lines. Comparison was made with HI breast cancer cells MDA-231. uPA mRNA expression was seen only in the highly invasive, HI breast cancer cells MDA-231. Lack of uPA expression in HR normal (HMEC) and in minimally invasive, HR cells (MCF-7 and T-47D) was due to transcriptional suppression of uPA gene expression as determined by nuclear run-off assays. Since alteration of the DNA methylation status of CpG island in the 5' sequence of oncogenes and tumor suppressor genes has been demonstrated to change their expression, we examined DNA methylation as a potential molecular mechanism for regulating uPA gene transcription in these cancer cells. Southern blot analysis using methylation sensitive enzymes revealed that CpG island of uPA gene are methylated in HR, HMEC, MCF-7 and T-47D cells, whereas they are hypomethylated in HI and MDA-231 cells. Treatment of HR MCF-7 cells with cytosine DNA methyltransferase inhibitor 5' azacytidine caused a dose-dependent induction of uPA mRNA due to demethylation of the CpG island of the uPA gene which led to increased invasive ability of these HR cancer cells. Our results demonstrate that DNA methylation can regulate the transcription of the uPA gene to alter the invasive behaviour of these HR breast cancer cells.